other hand, grated cassava tuber is separated into starch granules and fibrous residual material by centrifugation in the tapioca starch manufacturing process. Some of the fibrous residual material with some remaining starch is used as cattle feed or as a raw material for citric acid production. However, most is thrown into rivers without any treatment, so advanced utilization of the fibrous residual material for ethanol and methane gas productions is desired. Therefore, the detailed chemical composition, especially the monosaccharide composition, of the fibrous residual material should be made clear from the viewpoints of dietetics and more effective industrial utilization. The detailed chemical composition of potato tuber has already been reported by Ring and Selvendran.1} Ketiku and Oyenuga reported only the starch, cellulose and hemicellulose contents with respect to the saccharide composition of cassava tuber.2) Therefore, this paper shows the uronic acid and lignin contents, and the detailed monosaccharide composition of the cell wall material (CWM) .
MATERIALS AND METHODS

Materials.
Dry cassava cubes (Manihot utilissima POHL)were imported from Lampung, Indonesia. After removal of contaminating bark, the white cassava cubes (200 g) were soaked in distilled water (600ml) overnight and crushed with a polytron type of homogenizer (Polytron PT-2000) for 1 hr. The paste was freeze-dried, and then the powder was used for the following experiments. An Aspergillus niger cellulase preparation (Sumyzyme-AC, Shin-Nihon Kagaku Co.), a Trichoderma pseudokoningii cellulase preparation (Sumyzyme-C, ShinNihon Kagaku Co.), and an Aspergillus niger pectinase preparation (Sumyzyme-AP II, Shin-Nihon Kagaku Co.)
were used.
Isolation of cell wall materials. The preparation of cell wall material (CWM) from the cassava powder was performed according to the isolation procedure for CWM from potato by Ring et al}'3) The cassava powder (15g) was sequentially extracted with 1%aq. sodium deoxycholate (100ml x 3) and phenol-acetic acid-water (2 : 1 : 1, w/v/v, 25mlx 3). The residue was contaminated with a large amount of starch, which was extracted with 90% dimethylsulfoxide (200mi x 2) under supersonification.
Finally, the dimethylsulfoxide-insoluble residue gave a negative reaction with iodine/potassium iodite. The residue was freeze-dried and was used for the following experiments. The total sugar of the CWMwas determined by the Assay of lignin content. The mixture of cassava powder (25mg) and water (150ml) was liquefied by an a-amylase solution (0.1 ml, Termamyl 60L, Novo Industry Co.) at 80°C for 2 hr. After cooling, the solution was saccharified by a glucoamylase solution (0.1 ml, amyloglucosidase 150L, Novo Industry Co.) at 40°C for 2hr and the reaction mixture was filtered. Thecake without starch was wetted with 72% sulfuric acid (15ml) for 4hr, and the mixture was diluted to give 2n sulfuric acid and hydrolyzed for 4 hr at 100°C under reflux. The acid-insoluble residue was dried and weighed as lignin.
Assay of ash content. The ash content was determined as the residue after combustion. The saccharides in the acid and enzyme hydrolyzates of CWM were determined by gas chromatography (GLC) followed by alditol acetylation according to the method of Lindberg, 12) using a gas chromatograph (GC-R1A, Shimadzu Co.), with an FID detector, a column (2m x 3mm) of 3% OV-22513'14) on Gaschrom Q, 100-120 mesh, for assay of general monosaccharide, and 0.75% DEGS, 0.25% EGSS-X and 0.1% 7V,7V-bis(2-hydroxyethyl)aniline15) on Gaschrom Q, 60~80 mesh, for assay of 6-deoxyhexose separation. CWMwas subjected to 2n H2SO4 hydrolysis at 100°C for 5hr and the aldose derivatives were prepared using the procedure described in the text. Assay of80% ethanol-soluble sugars. The 80% ethanolsoluble sugars were determined by high performance liquid chromatography (HPLC) and by a phenol-sulfuric acid method40 after the treatment described below. The cassava powder (2g) was extracted with 80% ethanol (50ml x 4) at 90°C for 1 hr and after removing ethanol, the extract was treated with benzene to remove lipids. Finally, the extract was deionized by an ion-exchange resin.
Acid hydrolysis of CWM. Three methods were used for hydrolysis of the CWM and the effectiveness of hydrolysis wastested.
(1) 2n TFA hydrolysis: CWM(5 mg) was hydrolyzed by 2n trifluoroacetic acid (TFA) (1 ml) at 120°C for 2hr in a teflon-lined tube and TFAwas removed by evaporation after hydrolysis.
(2) 2n H2SO4 hydrolysis: CWM(5 mg) was hydrolyzed by 2n sulfuric acid (H2SO4) (1 ml) at 100°C for 5hr in the teflon-lined tube and H2SO4 was removed by an ionexchange resin. with 72% H2SO4 (0.82g) and kept at room temperature for 3 hr. The mixture was then diluted with 5.8g of water to give 2n H2SO4and hydrolyzed at 100°C for 5hr. Ketose was not detected in the hydrolyzate by TLCand the estimation of monosaccharideswas determined as alditol acetate by GLC.
Sequential extraction of CWM under different hydrolysis conditions. The first extraction of CWM was performed by boiling at 100°C for 2hr. Then, the CWM suspension was centrifuged and the supernatant was hydrolyzed using 2 n TFA solution at 120°C for 2hr. The saccharides in the hydrolyzate were determined by GLCafter the pretreatment described above. The residue was used for a second extraction. The following extractions were sequentially carried out under the conditions of0.01, 0.1, 0.5, and 2n TFA, at 100°C for 2hr, respectively, and finally under Saeman hydrolysis. The extracts were treated and assayed as described above.
Enzymatic hydrolysis of CWM. Each of the enzyme preparations was dialyzed against 0. 1 m acetate buffer (pH 4.5) with a collagen membrane for 6 days. The enzyme solutions were adjusted to 1.4mg protein/ml. A mixture of 3ml of distilled water and 50mg of CWM was put into a teflon-lined tube and the tube was kept at 100°C for 3 hr to release hot-water soluble fraction. After cooling, 2 ml of a enzymesolution was added to each CWM suspension with one drop of toluene as preservative. The reaction mixture was reciprocally shaken at 160 strokes/min at 40°C for 48hr and centrifuged.
Ethanol was added to the supernatant to give an 80%ethanol concentration. The mixture was kept at 4°C for 2 days to produce a sediment. After centrifugation, the aliquot was deionized by an ionexchange resin and hydrolyzed by 2n TFA at 120°C for 2hr. After removal of TFAin a vacuum, the hydrolyzate was deionized and the monosaccharide composition was determined by GLC.
RESULTS
Monosaccharide composition of CWM As the first step, the general components including uronic acid and lignin were determined. The results are shown in Table I .
Lignin, uronic acid, and CWM contents were 0.5, 3.4, and 4.5%, respectively.
As the second step, CWM was at first isolated from cassava tuber according to the procedure of Ring and
Selvendran1} and the monosaccharide composition was determined. The results are shown in Table II . Saeman hydrolysis was the most effective for liberation of saccharides, especially glucose. Saeman hydrolysis is considered to be effective for degradation of the cellulose in CWM. 19) In this case, the total monosaccharide content was 77.4%. On the other hand, the total saccharide content assayed by the phenol-sulfuric acid method was 90.7%. The difference between the former and the latter is considered to be caused by uronic acid. The remainder (9.3%) was composed of ash, 3.8%, and other materials (5.5%), possibly lignin and protein.
Degradation of CWM by enzymatic and sequential acid hydrolysis At first, enzymatic hydrolysis was carried out against CWM and the liberated monosaccharide patterns were determined, to clarify the course of degradation of polysaccharides in CWM.This information will give us useful knowledge for enzymatic degradation of cassava residual material. Therefore, CWM was degraded by the three kinds of enzyme preparations shown in Table III . The enzyme activities in the enzyme preparations are described in a previous paper.20) Aspergillus niger cellulase preparation was the most effective, Table I . Constituents of Cassava Tubers
The procedures are described in the text.
CWMis partly contaminated with lignin, uronic acid and ash. The procedures are described in the text. The procedures are described in the text. 6-Deoxyhexosesare rhamnoseand fucose. About 50% of such hemicellulose parts as pentosan and hexosan, apart from cellulose, was extracted by hot distilled water, and the extract seemedto contain pectin-like material precipitated by ethanol. Therefore, when cassava residual material is cooked at about 100°C for food processing or ethanol production, the hemicellulose and pectin-like material is presumed to cause the viscosity of the mash to increase rapidly, making handling difficult.
